The goal of this study was to determine whether nuclear factor-κB (NFκB) and activator protein 1 (AP-1) were the responsible transcription factors for the induction of proinflammatory cytokines in hen vaginal cells stimulated by different Toll-like receptor (TLR) ligands. Cultured vaginal cells were treated with or without poly I:C (TLR3 ligand; dsRNA virus), lipopolysaccharide (LPS) (TLR4 ligand; gram-negative bacteria), flagellin (TLR5 ligand; bacterial flagellum), R848 (TLR7 ligand; ssRNA virus), and CpG-oligodeoxynucleotide (CpG-ODN) (TLR21 ligand; bacteria and DNA virus) in the presence or absence of different doses of BAY11-7085 (NFκB inhibitor) and tanshinone IIA (AP-1 inhibitor). Then, gene expressions of IL1B, IL6, and CXCLi2 were examined by real-time PCR analysis. The results showed that the induction of the expression of IL1B, IL6 and CXCLi2 by poly I:C, LPS, and CpG-ODN were suppressed by Bay11-7085, but not by tanshinone IIA. IL1B expression was upregulated by flagellin and R848, and the increase in its expression was suppressed by Bay11-7085, but not by tanshinone. These results suggest that NFκB is the responsible transcription factor for the expression of proinflammatory cytokines and chemokines, including I IL1B, IL6, and CXCLi2 in response to the ligands of TLR3, 4, and 21, and IL1B in response to the ligands of TLR5 and 7 in the vaginal cells.
INTRODUCTION
The hen oviduct can be infected by various bacterial and viral organisms, such as Salmonella bacteria (Gantois et al., 2009; Wales and Davies, 2011) , avian infectious bronchitis virus (Nii et al., 2014 (Nii et al., , 2015 , and Newcastle disease virus (Sá E Silva et al., 2016) . Infection in the oviduct results in microbial contamination of the internal contents of eggs (Gantois et al., 2009; Wales and Davies, 2011) , and some pathogens may cause egg malformation (Nii et al., 2014) . Immunocompetent cells and humoral factors in the adaptive and innate immune systems play essential roles in the prevention of infection of the oviductal mucosa, as they do in other organs (Yoshimura et al., 1997; Yoshimura, 2015) . Avian β-defensins (AvBDs) and cathelicidins, members of antimicrobial peptides, are expressed for prevention of infections in the oviduct (Yoshimura, 2015; Abdel-Mageed et al., 2014 . Proinflammatory cytokines, such as interleukin-1β (IL1B), IL6, and IL8 (CXCLi2), which regulate the activities and induction of immunocompetent cells, are expressed in the uterus and vagina (Nii et al., 2011 (Nii et al., , 2014 (Nii et al., , 2015 . We have reported that IL1B upregulates the expression of AvBDs in the vaginal cells in vitro (Sonoda et al., 2013) . Thus, proinflammatory cytokines are the essential factors responsible for the oviductal immunodefense systems.
Challenge with bacterial and viral components upregulated the expression of proinflammatory cytokines in cultured oviductal tissues of hens (Sonoda et al., 2013; Abdel-Mageed et al., 2014) . It has been accepted that Toll-like receptors (TLRs) are primary innate immune pattern recognition receptors, and they can recognize pathogen-associated molecular patterns (Brownlie and Allan, 2011) . Among 10 different TLRs identified in chickens (TLR1a, 1b, 2a, 2b, (3) (4) (5) 7, 15, and 21) , all TLRs, except for TLR1a, are expressed in the vagina (Ozoe et al., 2009; Michailidis et al., 2011) . Single and double strand RNA viruses are recognized by TLR3 and 7, respectively, whereas lipopolysaccharide (LPS) of gram-negative bacteria is recognized by TLR4, and unmethylated CpG-oligoDNA of microbes are recognized by TLR21 (Brownlie and Allan, 2011; Keestra et al., 2013) . It is believed that recognition of the microbial molecular patterns by TLRs activates the intracellular signaling pathways in which nuclear 723 factor κB (NFκB) and activated protein 1 (AP-1) participate as transcriptional factors (Kogut et al., 2012) . The NFκB is activated by the breakdown of its inhibitor molecule (IκB), and AP-1 (cFos and cJun) are activated by mitogen-activated protein kinase (Kogut et al., 2008 (Kogut et al., , 2012 . The activated NFκB and AP-1 are transported into the cellular nucleus, followed by binding to the promotor or enhancer region to regulate the transcription of the target genes (Kawai and Akira, 2010) . One of the end products of TLR signaling is proinflammatory cytokines (Keestra et al., 2013) . However, these studies were based on research using leukocytes, including heterophils and macrophages (Bliss et al., 2005; Kogut et al., 2007 Kogut et al., , 2012 , and it is unknown whether NFκB and AP-1 are involved as transcription factors for the signaling of different TLRs to induce proinflammatory cytokines in oviductal cells. The responsible signaling factors, including transcription factors, may be different among the TLRs and cell types. Kawai and Akira (2010) stated that an accumulation of knowledge regarding gene-expression profiles of numerous cell types after stimulation with TLR agonists or pathogens would be required to understand the role of TLRs in mammalian host defense systems. It is important to determine the specific signaling factors in oviductal cells to determine future strategies to enhance the immunodefense system in this organ.
The goal of this study was to determine whether NFκB and AP-1 are responsible in the induction of proinflammatory cytokines in oviductal vaginal cells stimulated by different TLR ligands. Because the primary microbes that infect the oviducts are gramnegative bacteria and RNA viruses, the ligands of TLR3, 4, 5, 7, and 21 were selected for examination. Involvement of NFκB and AP-1 in the induction of proinflammatory cytokines was evaluated by determining whether their inhibitors suppressed the induction of the cytokines by TLR ligands. BAY 11-7085, which is an inhibitor of IκBα phosphorylation, preventing activation of NF-κB, was used as NFκB inhibitor (Pierce et al., 1997; Kogut et al., 2008) . Tanshinone IIA may inhibit the binding of NFκB and AP-1 to DNA in human smooth muscle cell lines (Jin et al., 2008) , it was used as an AP-1 inhibitor since it has been used as the specific AP-1 inhibitor in chicken heterophils (Kogut et al., 2008) .
MATERIALS AND METHODS

Experimental Birds
White Leghorn hens (approximately 350 d old) laying 10 or more eggs in a sequence were used. They were kept in individual cages under a lighting regimen of 14 L:10 D and provided with feed and water ad libitum. Hens were euthanized under anesthesia with sodium pentobarbital and oviducts were collected approximately 4 h after oviposition. The handling of birds was performed in accordance with the regulations of the Animal Experiment Committee of Hiroshima University (No. C15-17).
TLR Ligands and Inhibitors
Poly I:C (TLR3 ligand), flagellin from S. typhimurium (TLR5 ligand), and imidazoquinoline resiquimod (R848; TLR7 ligand) were purchased from Novus Biologicals (Littleton, CO). LPS of S. minnesota was purchased from Wako Pure Chemical Industries, Ltd. (Osaka, Japan), and the synthetic class B CpG-ODN (2007) (CpG-ODN) was purchased from InvivoGen (San Diego, CA). The sequence of CpG-ODN was 5 -TCGTCGTTGTCGTTTTGTCGTT-3 . These reagents were dissolved in endotoxin-free water and kept at −20
• C until use. BAY 11-7085 (NFκB inhibitor) was purchased from Merck KGaA (Darmstadt, Germany), and Tanshinone IIA (AP-1 inhibitor) was purchased from Santa Cruz Biotechnology, Inc. (Dallas, Texas). These were dissolved in dimethyl sulfoxide at a concentration of one mM and kept at −20
• C until use.
Culture of Vaginal Mucosa Cells
Mucosal tissues collected from the middle part of the vagina were washed in sterile phosphate-buffered saline (PBS) containing 10 U mL −1 penicillin and 10 μg mL −1 streptomycin (Cosmo Bio Co., Ltd., Tokyo, Japan). They were cut into small specimens and incubated in a mixture of 200 U mL −1 deoxyribonuclease I (Worthington Biochemical Co., Raynham, MA), 800 U mL −1 hyaluronidase (Nacalai Tesque Co., Kyoto, Japan), and 150 μg mL −1 liberase TL (Roche Diagnostics GmbH Co., Mannheim, Germany) in PBS for 30 min at 37
• C in a water bath. Next, the cells were dispensed by pipetting, filtrated through a stainless steel mesh, and washed 3 times using PBS containing 10 U mL −1 penicillin and 10 μg mL −1 streptomycin (Cosmo Bio Co., Ltd.). The separated cells were placed on 6-well tissue culture plates at a density of 6 × 10 6 cells per well, containing 5 mL of TCM-199 culture medium (Nissui Pharmaceutical Co., Tokyo, Japan) with 10% bovine serum (Biological Ind., Kibbutz Beit Haemek, Israel), 10 U mL −1 penicillin, and 10 μg mL −1 streptomycin (Cosmo Bio Co., Ltd.). Cell viability was examined by trypan blue staining and was >90%. After incubation in a CO2 incubator with 5% CO 2 and 95% air at 39
• C for 24 h, the wells were washed to remove non-adherent and dead cells using TCM-199 culture medium.
Stimulation of Cultured Cells by TLRs Ligands and Inhibitors of NFκB and AP-1
The effects of BAY 11-7085 (NFκB inhibitor) and tanshinone IIA (AP-1 inhibitor) on the expression of cytokines induced by different TLRs ligands were examined. Different doses of BAY 11-7085 (0-10 μM) and tanshinone IIA (0-50 μM) were applied to the vaginal cell culture with different TLR ligands (100 μg mL −1 poly I:C, 100 ng mL −1 LPS, 100 ng mL −1 flagellin, 10 μg mL −1 R848, and 10 μg mL −1 CpG-ODN) for 3 hours. These doses of TLR ligands were confirmed to induce cytokine expression in our previous study (AbdelMageed et al., 2014) and preliminary examination of this study. The examination of the effects of a set of TLR ligands and inhibitors on the cytokines expression was repeated 6 times using different birds.
RNA Isolation and cDNA Preparation
Total RNA was extracted from the cultured vaginal cells using Sepasol RNA I Super (Nacalai Tesque, Inc.) in each experiment as previously described (Sonoda et al., 2013) . Extracted total RNA was dissolved in TE buffer (0.01 M Tris-HCl, pH 8.0, 1 mM EDTA). Samples were treated with RQ1 RNase-free DNase (Promega Co., Madison, WI) in a 10 μL reaction mixture (0.5 μg of total RNA, 1× DNase buffer, 1 U DNase) on a PTC-100 programmable thermal controller (MJ Research Inc., Waltham, MA), programmed at 37
• C for 30 min and 65
• C for 10 minutes. The concentration of RNA in each sample was measured using Gene Quant Pro (Amersham Pharmacia Biotech, Cambridge, UK). RNA samples were reverse-transcribed using ReverTra Ace (Toyobo Co. Ltd., Osaka, Japan) according to the manufacturer's instructions. The reaction mixture (10 μL) consisted of one μg of total RNA, 1× RT buffer, one mM dNTP mixture, 20 U RNase inhibitor, 0.5 μg of oligo (deoxy-thymine nucleotide) 20 primer, and 50 U ReverTra Ace. The reverse transcription was performed at 42
• C for 30 min, followed by heat-inactivation for 5 min at 99
• C using the PTC-100 Programmable Thermal Controller (MJ Research, Inc.).
Real-time Reverse Transcription Polymerase Chain Reaction (RT-PCR) Analysis for Expression of Genes
The expression of IL1B, IL6, and CXCLi2 in the vagina incubated with or without TLR ligands and inhibitors of NFκB and AP-1 was analyzed by quantitative reverse transcription (RT)-PCR as previously described (Nii et al., 2014; Huang et al., 2016) . The reaction mixture (20 μL) containing 1 μL cDNA, 10 μL Thunder Bird SYBR qPCR Mix (Toyobo Co. Ltd., Osaka, Japan), and one μM of each primer was placed into PCR tubes (Roche Diagnostics GmbH, Mannheim, Germany). The primer sequences used in this study are shown in Table 1 . The protocol for PCR was 50 cycles at 95
• C for 10 s, 62
• C for 30 s (for IL1B and RPS17), or 63
• C for 30 s (for IL6 and CXCLi2). Real-time PCR data were analyzed using the 2 −ΔΔCT method to calculate the relative level of mRNA in each sample, which was expressed as a ratio relative to the RPS17 housekeeping gene. A sample that had not been treated with TLR ligands or inhibitors was used as a standard in each analysis.
Statistical Analysis
The relative expression of IL1B, IL6, and CXCLi2 was expressed as the mean ± SE (n = 6). The significance of differences in the relative expression in the tissues among different treatments was examined using the Kruskal-Wallis test followed by multiple comparisons (Steel-Dwass test). Differences were considered significant at P < 0.05.
RESULTS
The expression levels of IL1B, IL6, and (Figure 2a-f) . The expression level of IL1B induced by LPS was significantly decreased by Bay11-7085 in a dose-dependent manner (Figure 1a (Figure 2b, d, f) . The expression level of IL6 in the groups treated with LPS and 0.5-50 μM tanshinone IIA and that of CXCLi2 in the groups treated with LPS and 0.5-5 μM tanshinone IIA were not different from the levels of LPS[−] plus Tan-II[0] (Figure 2d, f) .
The expression level of IL1B was significantly increased by flagellin and R848; it was higher in flagellin [+] (Figures 3 and 4) . Elevation of the expression level of IL1B by flagellin and R848 was significantly suppressed by Bay11-7085 (Figures 3a and 4a) , but was not affected by R848 (Figures 3b and 4b) . The effects of flagellin and R848 on the expression of IL6 and CXCLi2 were not significant in this study (data not shown). Figure 5 shows the effects of CpG-ODN on the expression levels of IL1B, IL6, and CXCLi2. The expressions of those cytokines were significantly increased (Figure 5a, c,  e) . The effects of tanshinone IIA at doses of 0.5-10 μM on the expression levels of IL1B, IL6, and CXCLi2 induced by CpG-ODN were not significant (Figure 5b, d, f) .
DISCUSSION
This was the first study to examine whether the transcription factors NFκB and AP-1 were involved in the expression of proinflammatory cytokines in the vaginal cells induced by stimulation of different TLR ligands of Gram-negative bacteria and viruses. Major findings were: (1) The induction of expression of IL1B, IL6, and CXCLi2 by poly I:C, LPS, and CpG-ODN were suppressed by Bay11-7085 (NFκB inhibitor), but not by tanshinone IIA (AP-1 inhibitor); (2) IL1B expression was upregulated by flagellin and R848, and the elevation in its expression was suppressed by Bay11-7085, but not tanshinone. We reported that TLR ligands upregulated the expression of IL1B and IL6 in chicken vaginal cells (Sonoda et al., 2013; Abdel-Mageed et al., 2014) . The results of the current study in which stimulation of vaginal cells by TLR ligands of Gramnegative bacteria (LPS), RNA viruses (poly I:C and R848), and microbe DNA (unmethylated CpG-DNA) support these previous reports. The cytokines (IL1B and IL6) and chemokine (CXCLi2) might play roles in the regulation of immunoresponse to infections and leukocyte influx, and among them IL1B might upregulate the expression of avian β-defensin (AvBDs) to eliminate microbes in the vaginal tissues during the process of infection (Sonoda et al., 2013) .
The TLR signaling pathway in heterophils is well documented in chickens (Kogut et al., 2012) . In a chicken line with increased resistance to numerous bacterial and protozoan challenges, stimulation of heterophils with ligands of TLR 2 to 5 and 7 upregulated IL1B, IL6, IFNα, and chemokines, including CXCLi2. In their heterophils, flagellin and LPS stimulated the expression of IL and CXCLi2 through ERK1/2 dependent activation of both NFκB and AP-1 (Kogut et al., 2008) . Currently, it is accepted that TLRs send signals through adapter molecules of TIRAP and MyD88 or TRIF to activate transcription factors of NFκB and AP-1 for regulation of proinflammatory cytokines and chemokines expression (Kogut et al., 2012) . In the heterophils, flagellin and LPS stimulate the upregulation of expression of IL6 and CXCLi2 through ERK1/2 dependent activation of both NFκB and AP-1. However, the results of the current study indicated that the expression of IL1B, IL6, and CXCLi2 upregulated by poly I:C, LPS, and CpG-ODN and that of IL1B induced by flagellin and R848 were suppressed by the NFκB inhibitor, but not the AP-1 inhibitor. These results suggest that the responsible transcription factor for induction of IL1B, IL6, and CXCLi2 is NFκB, not AP-1, in the vaginal cells, unlike the heterophils. The activated NFκB may be transported into the nucleus to bind to the specific site on DNA of the target genes to regulate the transcription of those cytokines in the vaginal cells. Confirmation of the expression of these cytokines at the protein level remains to be studied in the future.
We reported that mucin mRNA expression was upregulated by LPS in the hen vagina, which was suppressed by inhibitors of transcription factors, namely, ALLN (an inhibitor of IκB proteolysis), BAY-117085 (an NFκB inhibitor), U0126 (a mitogen-activated protein kinase [MAPK] inhibitor), and tanshinone IIA (an AP-1 inhibitor) (Ariyadi et al., 2013 (Ariyadi et al., , 2014 . In addition, NFκB and AP-1 members (c-fos and c-jun) were expressed in the vaginal mucosa (Ariyadi et al., 2014) . These results suggested that both NFκB and AP-1 participated in the induction of mucin expression by LPS in the vaginal mucosa. However, in the current study, the induction of IL1B, IL6, and CXCLi2 expression by LPS was suppressed by the NFκB inhibitor (BAY-117085), but not the AP-1 inhibitor (tanshinone IIA). Thus, it is likely that the transcription factor responsible for the induction of cytokine expression (IL1B, IL6, and CXCLi2) involved in the downstream of TLR4 in the vaginal cells is NFκB, unlike those involved in mucin gene expression.
In conclusion, the vaginal cells express proinflammatory cytokines and chemokines, including IL1B, IL6, and CXCLi2 in response to the ligands of TLR3, 4, and 21, and IL1B in response to the ligands of TLR5 and 7. The current results suggest that NFκB is the responsible transcription factor involved in that process. Kogut et al. (2012) suggested that higher expression of TLR signaling activation of both MyD88-dependent and TRIF-dependent pathways was more beneficial to avian heterophil-mediated innate immunity and may represent new targets for genetic selection of chickens to increase resistance to bacterial infections. The regulation of cytokine expression by NFκB also may be beneficial in the consideration of the defense capability of vaginal tissue to bacterial and viral infections.
